Abstract
INTRODUCTION
Endoscopic ultrasound (EUS) has become widely-used for diagnostic purposes regarding lesions arising from the pancreas, upper gastrointestinal tract, as well as adjacent structures, such as the liver and lymph nodes. In this setting, EUS-guided fine needle aspiration (EUS-FNA) is currently considered a technique with an excellent safety profile with reported sensitivity of 60% to 95% and overall diagnostic accuracy ranging from 60% to 90% [1] [2] [3] . However, EUS-FNA performance is dependent on numerous factors, including those related to target lesion (location, size, characteristics), technical details (type of needle used, aspiration/biopsy method, number of passes, material processing), and involved personnel (endoscopist expertise, presence of on-site experienced cytopathologist) [4] [5] [6] [7] . Usually, cytology is the basis of EUS-FNA based tissue diagnosis. However, cytological specimens obtained by means of standard EUS-FNA are of limited value in diagnosing entities like gastrointestinal stromal tumors, lymphomas, and autoimmune pancreatitis that mostly require additional immunocytochemistry and/or flow cytometry (e.g., lymphomas) or tissue processing and immunohistochemical evaluation for an accurate classification [8] [9] [10] . Furthermore, individualized tumor therapy may mandate a more detailed immunohistological analysis in the future that may not be sufficiently covered by cytology.
To overcome these limitations of cytology and to reliably retrieve samples suitable for histopathological analysis, several new needles have been developed in recent years, with variable success [10] [11] [12] ; most recently, a novel needle (EchoTip ProCore; Cook Medical, Bloomington, Indiana, United States) has been developed that features a hollowed-out reverse bevel. This side fenestration promises to enable the acquisition of core biopsy specimens with preserved architecture and thus improve diagnostic yield. Fulfilling those expectations, recent published results on the performance of ProCore needles demonstrate high diagnostic accuracy rates from 82% to 96% [13] [14] [15] [16] [17] . We hypothetized that this novel needle is superior in diagnostic performance, given its advanced technical characteristics. Therefore, we conducted this randomized study in order to prospectively compare the standard 22-gauge (G) aspiration needle (AN) with the 22G EchoTip ProCore needle (PC) in terms of diagnostic accuracy, adequacy of the obtained material for evaluation, histocytological quality of the samples, technical feasibility, and related complications.
MATERIALS AND METHODS
This single-center prospective study was conducted at the Department of Interdisciplinary Endoscopy of the University Hospital Hamburg-Eppendorf in Germany from August 2011 to November 2013. The study protocol was approved by the Institutional Clinical Research Ethics Committee (study number: PV 3835) and was registered at Clinicaltrials.gov (ID: NCT02181140). All of the enrolled patients provided written informed consent for the procedure and study participation.
Patients
A total of 56 patients, between 18 and 85 years old, were enrolled in the study. All of the patients with an indication for EUS-FNA for the assessment of pancreatic lesions, paramural mass lesions, or subephitelial tumors (SET) were included. Exclusion criteria were: (1) very difficult or impossible access to the target site (i.e., post-operative anatomic alterations, interpositioned vessels); (2) cystic lesions without solid tissue; (3) coagulopathy (Quick time < 40% or platelets-PLTs < 40000/mm 3 ) or ongoing anticoagulant medications except ASS; and (4) poor performance status (Eastern Cooperative Oncology Group-ECOG IV).
Data collection
For each eligible patient, the following data were recorded: basic characteristics [age, gender, body mass index (BMI)], symptoms (pain, jaundice, weight loss), lesion location, laboratory data [complete blood count-CBC, international normalized ratio (INR)], and available imaging studies prior to EUS.
During the study, the following parameters were recorded: location, size, and echogenicity of the lesions, dose of the propofol administered for sedation, number of passes for each needle, specimen adequacy for evaluation, cellularity and cytological/histological quality of the material, cytohistological analysis result, and complications within 24 h after the intervention.
Follow-up was performed by telephone interviews, hospital visits, and chart reviews until the patient's death or termination of the study. Inquiries included symptoms, laboratory and/or imaging tests, and subsequent interventions, namely repeated tissue acquisition and surgery.
Procedures
All of the procedures were carried out by 4 experienced endoscopists, assisted by one endoscopy nurse. A linear array echoendoscope (GF-UCT 180, Olympus Europa, Hamburg, Germany) connected to a processor featuring a color Doppler function (Aloka Alpha 7, Hitachi Medical Corporation, Tokyo, Japan) was used in all of the examinations. The patients remained in the left lateral position under conscious sedation by means of intravenous propofol administration. Oxygen via the nasal cannula and recording of the vital signs were continuously provided. No on-site cytopathologist was available.
Following careful scope manipulations, the endoscopist obtained visualization of the target lesion and, using the color Doppler function, excluded vessel interposition along the puncture route. The lesion parameters, including exact location, size, and echogenicity, were assessed and recorded. Subsequently, the puncture of the mass by both the standard 22G aspiration needle (AN; Echo Tip Ultra; Cook Medical, Bloomington, Indiana, United States) and the novel 22G core biopsy needle (PC; EchoTip ProCore; Cook Medical, Bloomington, Indiana, United States) was performed in a randomized order as determined by a computer-generated randomization assignment that took place prior to the procedure. The PC has a 5.2F shaft, a core trap sized 2 mm, and a reverse-bevel length of 5.9 mm. The same sampling technique was used for both needles to avoid technical biases. In detail, after the needle had successfully entered the lesion, its stylet was removed and suction was applied using a 10 mL syringe. During each puncture, the needle was moved back and forth between 10 and 20 times and, at the end, it was withdrawn from the mass after suction was released. The number of passes depended on the examiner's estimation of the yielded material with a maximum 3 passes being attempted with each device according to the specifications of the ethics committee.
Following each pass, the further processing of the acquired material was performed by the endosonographer, given the lack of an on-site cytopathologist. This was done, in detail, as following:
In the case of the standard AN, the specimens were smeared onto glass slides by stylet's reintroduction or by air flushing into the needle. Cytological evaluation was subsequently undertaken after air dried fixation and staining with the Giemsa method.
Regarding the PC, the material was completely flushed out with saline solution. When small-core biopsy cylinders (defined as whitish pieces of tissue with apparent bulk, which did not consist of blood and, therefore, dissolved in saline solution) were identified, they were retrieved by syringe suction and subsequently placed into formalin for histological analysis. The remaining material was used for the preparation of cytological smears. Core biopsy cylinders were subsequently cut to obtain hematoxylineosin stained sections. Cytological smears were fixed in ethanol and stained with Papanikolaou method.
The biopsy material was evaluated due to diagnostic and quality parameters by a study cytopathologist who was blinded to the type of the needle used. cellularity); and (4) the rate of procedure-related complications. These included bleeding, perforation, acute pancreatitis, hemobilia, or death; patients were specifically followed for 24 h after the intervention.
Sample size assumption and power calculations
Sample size was based on an inferiority design comparing both needles in diagnostic accuracy. Assuming the PC to be superior (sensitivity: 75% vs 60%), 53 evaluable patients were required (power 80%, alpha 0.05) to show superiority of the core needle.
Statistical analysis
Descriptive statistics for continuous variables are presented as means or medians with standard deviations (SD) or range, respectively. Categorical variables are reported as absolute values and percentages. Sensitivity, specificity, and diagnostic accuracy are calculated according to their definitions. Of note, the analyses only considered cases with adequate material.
Differences between the performance of AN and PC regarding the sample adequacy for evaluation as well as the rates of correct diagnosis were assessed using the McNemar's test. Comparisons between the number of needle passes, cellularity score, quality of cytological/histological material score and the complication rates were assessed using the nonparametric Wilcoxon rank sum test. The level of statistical significance for all the tests was defined at a probability value of less than 0.05 (P < 0.05). Datasets were compiled by using Microsoft Excel and all the statistical analyses were performed with IBM SPSS Statistics V22.0 software (SPSS Inc., Chicago, IL, United States).
RESULTS

Patients' demographics and baseline characteristics
A total of 56 patients were finally included in the study ( Figure 1) ; patient demographics and baseline characteristics are presented in detail in Table 1 . About 2/3 of the lesions were in the pancreas; lesion parameters are shown in Table 2 . Confirmation of the final diagnoses was performed on the basis of surgery (n = 26), definite EUS-FNA result (n = 16), clinical follow-up for more than 12 mo (n = 6), or by more than one means (n = 8). The mean propofol dose administered for sedation was 482 mg.
Technical and diagnostic performance of the aspiration needle (cytology)
Technically successful advancement of the AN into the target lesion and sample collection was achieved in all of the cases. Inadequate for cytological analysis material was obtained in 2 cases, including pancreatic NET (n = 1) and gastric antrum SET (n = 1). A
Classification of results
The cytological and histological findings by EUS-FNA were classified as positive for malignancy if an unequivocal diagnosis of malignancy was made. It is noteworthy that gastrointestinal stromal tumors, neuroendocrine tumors (NET), and intraductal papillary mucinous neoplasia cases were included in the group of malignancies for the analysis of diagnostic parameters. The acquired material was regarded as adequate for cytological/histological analysis using the cytopathology quality scoring as described below.
Study end points
The main outcome parameters used for comparisons between the standard aspiration and ProCore needles were: (1) the rate of correct diagnosis of the obtained material and related diagnostic discrimination values (sensitivity, specificity, diagnostic accuracy). The gold standard criteria for diagnosis were considered as one or more of the following: definite EUS-FNA (see above), surgical resection, or clinical follow-up exceeding 12 mo. In the PC group, the cytology and histology results were considered together for the overall diagnosis; in the AN group, only cytology was used for diagnosis; and (2) the percentage of cases in which the collected specimen was regarded by the cytopathologist as adequate for cytological/histological examination defined as a cytology/histology quality score 1-3 (s. below).
Secondary endpoints included comparisons of several performance parameters, such as the following: (1) the number of needle passes needed to achieve a gain of a macroscopically optimal sample; (2) the quality of the cytological/histological specimens was rated with scores from 0 to 3 [0, non-representative; 1, representation questionable (poorly preserved, crush artifacts, overlapping cell groups); 2, representation limited (scant amount of diagnostic cells); and 3, representative], as modified from Payne et al [18] ; (3) the cellularity of specimens was expressed by a score in a scale from 0 to 2 (0, poorly preserved (cellularity not reliably assessable); 1, low cellularity; 2, high wrong diagnosis was reached in 6 patients. Missed cases comprised pancreatic adenocarcinoma (n = 2), inflammatory lymph nodes (n = 2), IPMN (n = 1), and pancreatic lymphoma (n = 1). No procedure-related complications were captured. Detailed performance characteristics of AN are shown in Table 3 .
Technical and diagnostic performance of the ProCore needle (cytology or histology)
Technical success of EUS-FNA using the PC was universal (100%) and yielded adequate specimens (36 histological and 15 cytological) in all but 5 (pancreatic adenocarcinoma; n = 4, gastric antrum SET; n = 1) cases. A correct diagnosis, compared to the gold standard, was achieved in 49 evaluable patients. Missed cases included pancreatic adenocarcinoma (n = 1) and pancreatic lymphoma (n = 1). No adverse events were encountered (Table 3) .
Comparisons of the aspiration needle and ProCore needle (in all patients)
Adequate for interpretation material was obtained by the usage of at least one needle in 55/56 cases (98.2%). The gastric antrum SET case (n = 1) allowed no sufficient specimen collection in general. At least one device correctly diagnosed 53 of the 55 eligible for the assessment individuals (96.4%) with the exception of pancreatic adenocarcinoma (n = 1) and pancreatic lymphoma (n = 1). The collection of adequate material by both needles was achieved in 50/56 cases (89.3%).
In 47 of them (94%), the cytological/histological analysis results were in agreement, while in only 2 of these patients (4.4%) both specimens yielded an incorrect diagnosis (missed cases; pancreatic adenocarcinoma, n = 1 and pancreatic lymphoma, n = 1) .
As shown in Table 3 , there was no statistically significant difference between the AN and the PC in terms of the adequacy of specimens for the evaluation, mean number of passes, mean cellularity score, median specimen cytological or histological quality score, rates of correct diagnosis, technical success (100% in both) or complications (none in both).
Comparison between the aspiration needle and ProCore needle (in patients with available histology)
In the 36 patients in whom histological material was obtained with PC, AN achieved better mean cellularity score (P = 0.034). Differences regarding the adequacy of specimens for evaluation, mean number of passes, median specimen quality score, rates of correct diagnosis, technical success, and complications were of no statistical importance (Table 3) . Table 4 summarizes the results of the two needles and provides separate data on pancreatic mass and lymph node subgroups.
Figures 2 and 3 present various lesions as shown during EUS, including their appearance in the cytological/histological analysis.
DISCUSSION
EUS-FNA has been established as a safe and efficient technique for the diagnosis of solid lesions accessible from the upper gastrointestinal tract. Many prospective and retrospective series have reported reliable sensitivity, specificity, and overall diagnostic accuracy, mostly depending on the methodological factors, including on-site cytopathological evaluation, type of needle used, and number of needle passes [19, 20] . In almost all of these studies, the diagnosis rested on cytological analysis. This appears to be well established; however, cytological analysis suffers from several principal limitations such as subjective interpretation with the lack of a standardized secondopinion process as is usual in histopathology, different categories with regards to the certainty of diagnosis ("suspicious" results are mostly counted positive in the respective studies), and further limitations concerning tissue characterization. In this setting, the complementary to routine cytology use of one or more immunocytochemical markers as well as flow cytometry (e.g., in lymphomas) seems to improve diagnostic accuracy. Moreover, molecular genetic analysis (e.g., assay for K-ras or p53 gene mutations by RT-PCR), although currently not a routine component of specimen analysis, increases EUS-FNA sensitivity, especially in patients with small tumors. These techniques may also serve the need for individualized tumor therapy in the future.
Given the limitations of cytology and the additional time and cost for the presence of a cytopathologist, efforts for the acquisition of core tissues suitable for histological analysis have been made leading to a variety of technical modifications beyond increasing needle size. Accordingly, an 18G FNA needle, a 19G FNA needle with a modified suction technique, as well as the Trucut device have been developed; however, studies indicate a somewhat lower efficacy when a transduodenal approach has to be used [21] [22] [23] [24] [25] . To overcome this disadvantage, the core tissues collected by EUS-FNA using standard 22G needles have undergone histological assessment [26] [27] [28] [29] [30] . The results of the respective studies varied, but showed that adequate specimens for histology were recovered in more than 80% of patients, histology demonstrated good accuracy rates, and combined cytological and histological analysis might be superior to either method alone. With the exception of procedural times and costs, no other significant difference between these two material processing methods was described. Aiming to procure larger tissue specimens that enable histologic and immunophenotypic characterization, a novel needle device with side fenestration 
has been recently introduced (EchoTip ProCore).
Initially, a 19G version became commercially available, followed by 22G and most recently 25 G. With respect to the 22G PC, the published case series report rates of adequate material for histologic analysis between 52.9% and 88.5% and overall diagnostic accuracy from 82% to 89% [13, 15, 16] . To enhance its role, a recently published study equals two passes using this reverse-beveled needle with the current gold-standard of FNA with on-site cytopathology assessment [31] . In our randomized study, we directly compared the performance of PC against standard AN (both 22G) on the basis of adequacy of obtained material for subsequent analysis (either cytological or histological) and the ability to provide a correct diagnosis. Although the utilization of both needles appeared technically feasible in all cases, we failed to demonstrate any statistically significant difference between the PC and AN in terms of the adequacy of tissue for the evaluation and rates of correct diagnosis. Moreover, no significant differences were encountered regarding the number of needle passes, specimen cellularity and quality scores and complication rates.
Our results are in line with those of most studies comparing the 22G version of the two needles ( Table  5 ) [32] [33] [34] [35] [36] [37] and a recently published meta-analysis of nine comparative studies [38] . On the contrary, Vanbiervliet et al [39] reported in 2014 the significant superiority of the aspiration needle in both overall (cytology and histology) and solely histology adequacy in pancreatic lesions. However, this study is biased in favor of AN since two passes with this needle are compared with only one pass with the PC. In contrast, the PC achieved better adequacy when sampling subepithelial tumors, according to Kim et al [40] . The mean number of needle passes needed to achieve a satisfactory specimen did not differ in the present study. This finding opposes that of most similar studies that favor the PC device for fewer passes to achieve an adequate specimen [32, 35, 36, 39, 41] . Interestingly, our number of needle passes was much lower than that recommended in several EUS-FNA studies, although it did not lead to substantially lower accuracies [6, 42] . The present study has several strengths, including its prospective randomized design, uniform sampling method for both needles, use of needles from the same manufacturer, and head-to-head comparisons that allow for improved statistical validity. Nevertheless, it also bears some limitations. Firstly, there was only one participating center. Secondly, the endoscopists could not be blinded for the needle due to obvious reasons. Thirdly, we enrolled patients with diverse lesion locations. Fourthly, the number of participant is rather small. Fifthly, the lack of an on-site cytopathologist, such as in most of the non-american series and daily routine procedures, may have prevented the optimal initial assessment and processing of the obtained material. Finally, the material obtained with either needle was subject to different preparation procedures -histology can only be attempted with the PC needle and, therefore, possible technical biases may have occurred. On the other hand, the aim of the PC needle is to add histology to the diagnostic armamentarium of EUS-FNA. We could show that this contributed very little to the overall diagnostic accuracy.
Our results may be of limited generalizability given the above mentioned methodological factors. However, In conclusion, our study pointed out that, when compared to the standard 22G FNA needle, the reversebeveled PC of the same gauge yielded a similar overall diagnostic accuracy and performed equally in terms of the sample adequacy for cytological analysis, quality and cellularity of the obtained specimens. This is in line with the majority of published comparative studies. No significant differences regarding the needed number of passes, technical feasibility, and complications were addressed. The overall contribution of histology to the diagnosis with the PC needle was limited.
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COMMENTS
Background
Endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) is an established modality for tissue sampling of intra-and paramural lesions, while cytological analysis represents the diagnostic standard of care. The recent development of fenestrated needles facilitates the acquisition of specimens that are also suitable for histological analysis thereby promising the improvement of diagnostic accuracy. The authors aimed to compare the standard aspiration needle (AN) with the novel core biopsy needle (PC) of an identical diameter (22G) in terms of various performance characteristics.
Research frontiers
According to these results, both needles performed equally in terms of overall diagnostic accuracy, sample adequacy for analysis, quality and cellularity of specimens, number of needle passes, feasibility, and complications. Interestingly, the histological analysis of the specimens obtained with the PC needle showed no additive contribution to the diagnosis.
Innovations and breakthroughs
The current study adds to the growing body of evidence supporting that both AN and PC demonstrate similar technical and performance characteristics when used for tissue sampling with EUS-FNA.
Applications
Keeping the results of they prospective clinical trial in mind, endoscopists could base their choice of needle type for EUS-FNA on other parameters (i.e., availability, cost, and procedural times).
Terminology
EUS-FNA refers to the acquisition of abnormal tissue samples with specialized needles under endoscopic ultrasound guidance. The diagnostic accuracy of a method represents the association between its result and the disease status of the study participant. The cellularity of a specimen reflects the number of its constituent cells.
Peer-review
This study is well conducted and its conclusions will certainly contribute to the future use of EUS-FNA as a safe and established method of tissue acquisition, as well as make the needle type choice an easier decision.
